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(57) Abstract

An article and a8 method for
monitoring the concentration of
glucose in blood, In one aspect,
the invention involves an article’
comprising a  multiple-layer
element - utilizing reagents
capable of reacting with an
analyte of interest. In a prefered
embodiment,  the . element
comprises: (a) a core layer having
two major surfaces, an optical
reading chamber -extending from
a first opening in one of said
two major surfaces to a second
opening in the other of said two
major surfaces,” said core layer
further having a third opening
therein . and a flow channel,
one end of which flow channel
communicates with the third
opening and the other end of
which flow channel communicates

with the optical reading chamber; and (b) s base layer in’ face—to-face contact with one major

surface of said core layer; and (c) a

cover layer in face-to-face contact with the other major surface of said core layer, said cover layer having an opening therein to vent
the element. In this embodiment, the optical reading chamber extends completely throiigh the core layer. The sample is introduced into
the third opening and then flows through the flow channel into the optical reading chamber. The reagents with which the analyte in the
sample reacts to form an optically detectable reaction product can be disposed in the optical reading chamber or can be added to the
sample before the sample enters the optical reading chamber. In another aspect, the invention involves a method comprising the steps of:
(a) obtaining a sample of biological fluid, e.g., intesstitial fluid, from_the body of a patient; (b) introducing the sample to article comprising
a multiple-layer element having an optical reading chamber; (c) allowing reagents to react with an analyte of interest in the sample; and
(d) measuring the concentration of analyte in the sample by means of an optical instrument.




B¥%0228098903525%

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to idcnﬁfy. States party to the PCT on the front pages of phmj:hlé(s publishing intemational applications under the PCT.

Albania -

Amenia

Austria

Australia .
Bosnia and Herzegovina
Barbados

Belgium

Burkina Faso

Bulgaria

Benin

Brazil

Belarus

Canada .
Central African Republic
Congo

Switzerland

ERESES BEANIGERE

Spain
Finland

Republic of Korea

. Saint Lucia

Sri Lanka

Liberia -

18

LT
Lu
LY
MC

MD
MG

MK

BRBEZINEZAEEEEE

“Lesotho

Lithuania
Luoxembourg
Latvia

. Monaco

Republic of Moldova
Madagascar
The former Yugoslay

* Republic of Macedonia

Mali
Mongolia

Malawi
Mexico

*‘Niges -
- Netheriands

Norway

- New Zealand ™

Poland
Poragal

Romanja

Russian Federation
Sudan

Sweden

Singapore

ERELEEEFFEEELTEL

Slovenia
Slovakia

. Senegal -
" Swaziland

Chad

Togo- .
Tajikistan
Twkmenistan

Trinidad and Tobsgo .
Uk .

 Uganda ) -
- United States of America’

" Uzbekistan'
" Viet Nam

Yugoslavia

Zimbabwe .-




10

WO 99/64620 - PCT/US99/12294

BACKGROUND OF THE INVENTION
This invention relates to the field of mbnitoring the amount of analyte, e. g., .
glupose, cholesteral, in body fluid. More particularly, this invention provides an article - -

and method that monitors the amount of analyte in body fluid by means of é test that
employs only a small volume of biological fluid.
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The prevalence of diabetes has been increasing markedly in the world. At tbis

- time, diagnosed diabetics represented about 3% of the population of the United States.

‘Itis believed that the total actual number of diabetics in the United States is over
16,000,000. Diabetes can lead to numerous complications, such as, for example
retinopathy, nephropathy, and neuropathy.

The most important factor for reducing diabetes-associated complications is the
maintenance of an appropriate level of glucose in the blood stream. The maintenance
of the appropriate level of glucose in the blood stream may prevent and even reverse
many of the effects of diabetes. _ ' :

.. . Glucose monitoring devices of the prior art have operated on the principle of

'taklng blood from an mdeual by a variety of methods, such as by needie or lanoet.

- An individual then coats a paper strip carrying chemistry with the bicod, and finally
insert the blood-coated strip into a blood glucose meter for measurement of glucose
concentration by determination of change in reflectance. .

~ There are numerous devices currently available for diabetics to momtor the Ievel -
of blood glucose. The best of these devices require the dlabetic to prick a ﬁnger and to -
collect a drop of blood for placement on a strip, which is inserted into a monitor that -
determines the level of glucose in the bicod. Pricking one's finger tends to be pamful.
Moreover, a relatively large wound is produced by the pricking device, typically a lancet

. oraneedle. Itis known that the pain arising from the finger prick deters diabetics from

compliance with the monitoring regimen. _Lack of compliance increases the risk é)_f'
complications due to diabetes. Thus there is a need for a more painless and less
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traumatic means of collectmg blologlcal sampies for momtonng one's level of glucose in )
_ blood. :

Several patents have proposed that the level of gluoose in blood can be

g monitored by measuring the ievel of glucose in mterstltlal fluid. In order to obtain

samples of interstitial fluid, the barrier function of the stratum comeum must be
overcome. Jacques, U, S. Patent No. 4,775,361, discloses a method of ablating the -
stratum corneum of a region of the skin of a patient by using pulsed laser lightof a
wavelength, pulse length, pulse energy, pulse number, and pulse repetition rate
sufficient to ablate the stratum comeum without significantly damaging the underiying
epidermis. This patent discloses the use of laser light having a wavelength of 193 nm .
or 2940 nm.. Laser light havmg wavelengths of 193 nm or 2940 nm can be provided by
an excimer or ErYAG light source, respectively, both of which are extremely expensive,
Tankovich, U. S. Patent No. 5,423,803, discloses a process for the removal of
superficial epidermal skin cells in the human skin. A contaminant having a high
absorption in at least one wavelength of light is topically applied to the surface of the
skin. Some of the contaminant is forced to infiltrate into spaces between superficial
epidermal cells. The skin section is illuminated with short laser pulses, with at least at
‘least one of the pulses havmg sufficient energy to cause some of the partlcles to
explode tearing off the superﬁcnal epidermal cells. . ’
Zahrov, WO 94/09713, dlsdoses a method for perforating skin compnsmg the
steps of (a) focusing a laser beam in the shape of an ellipse at the surface of the skin-
with sufficient energy density to create a hole at least as deep as the keratin layer and -
at most as deep as the capillary layer; and (b) creating at least one hole, each hole
having a width between 0.05 and 0.5 mm and a length of equal to or less than 2.5 mm. -
it should be noted that it is deslrab!e for a diagnostic device for monitoring .
glucose provide a resuit rapidly. Most oommemvally available devices provide a result
in under one minute. This one-minute penod runs from the moment of sticking the

| finger to the display of the result on a meter. When mtershtnal fluid is used as the

~ sample, the goal of a one-minute testing period is difficult to satisfy, because the
30

methods for obtaining interst:tlal fluid typically provide samples of less than 1 pL per
minute. In order to determine the quantity of glucose in a sample of mterst:ﬁal fluid, -

; _sensltive detection methods must be employed. It is.well known that a common method

for mcreasing assay sens:tmty is to increase the size of the biologlcal sample. ,
However, increasing the size of a sample of some biological ﬂuids. such as interstitial
fluid, has been found to be dlfﬁcult. ' :
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‘U. S. Patent Nos. 5 161,532; 5,508,200; 5 202,261disclose the use of brologlcal
ﬂuids to determine the concentratron of glucose in the blood. U S. Patent No.
5,161,532 discloses an interstitial fluid sensor. The sensor is applled to the skln of a

' person or animal to detect the chemical components of the interstitial fiuid. The sensor
comprises a substrate of porous material, which permrts the passage of the interstitial
ﬂund therethrough. At least two electrodes are provided. One of the electrodes has two
sides, with one side mounted on the substrate. The one electrode is also of a porous:

" material for the passage of the interstitial fluid from the one side in oontact with the

10

15

20

25

30 -

35

substrate to through to the second side, which is generally opposite the one side. A
layer of chemical is on the second side. The layer comprises a chemical for reaction

with one component in the interstitial fluid. The chemical is mixed in a medratmg agent.

The electrodes produce a response to the reaction of one component of the interstitial
fluid with the chemical. A detector receives the electrical signal; generated by the
electrodes and generates a display indicative of the amount of the one component in
the interstitial fluid. According to this patent, at a sampling rate of approximately 0.4
microliter/min/cm?, the entire electrodes can be wetted in less than 2 seconds.

U.S. Patent No. 5,508,200 discloses a system for high performance automated
chemical analysis including a video camera photometer with a oomputer-oontrolled
interference filter wheel. A fluidics system delivers ultramicro sample and reagent
volumes in the 0.05 to 5.0 microliter range toa supporting analytical media. The media
is precisely positioned relative to the photometer by an x-y axis reaction medla holder

. capable of accurate and precise position of the ultramicro reaction spots. The reaction

media can consist of absorbent cellulose sample/reactron strips or mrcrosooprc sized - -
'ymultlple wells. A data and reduction system monitors multiple srmultaneous reactions
within a common test area of the analytical media to provrde final quantrtative reports
The method for conduchng multiple chemical assays involves placing small volumes of
samplelreagent combinations at discrete locations about a common test area on the
-analytical media and srmultaneously measunng resulting optical changes at each
discrete location.

" U, 8. Patent No. 5 202 261 disoloses a dragnoshc devlce includmg a conductrve
analyte sensor oompnslng a reaction zone anda detectron zons, wherein the detectron
zone includes a conducting polymer and a microelectrode assembly The oonductrve
sensor allows the detection and measurement of a predetermined analyte ina liquid
test sample, wherein the predeten'mned analyte is assayed by an oxidase mteraction
‘An interaction between the predetermlned analyte and an oxidase enzyme occurs in

- the reaction zone of the conductive sensor to produce, either directiy or indirectly, a
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: dopant compound that mrgrates to the detect:on zone of the sensor.- The detectron

zone of the device ls in laminar contact wuth the reaction zone and includes a layer or
ﬁlm of conducting polymer that is oxidized by the dopant compound ‘Therefore, the _
conductlvrty of the conducting polymer is changed and the change i in conductivity of
the oonductrng polymer layer is detected and measured by the microelectrode -
assembly and is correlated to the concentration of predetermined analyte in the sample.
The device can utilize a test sample havmg a volume of from about 0.1 pL to about 5
WL, and usually less than 1 pL of whole blood. :

it would be desirable to provide a means for detecting the concentratron of
glucose in small volumes of mterstmal fluid, preferably with an optical. reading system

. because such a system is more sensmve than an electrochemxcal readlng system. .

' This invention provides an article and a method for monitoring the concentration
of glucose in blood. In one aspect, the invention involves an article comprising a

multrpl&layer element utilizing reagents capable of reactlng with an analyte of mterest. ‘-
Inone embodiment, the element comprises: -

(@  a base layer havmg two major surfaoes. the base layer further havrng an
opemng, a flow channel, and an optical reading chamber, one end of which flow
" channel communicates with the opening in the base layer and the other end of
'whlch ﬂow channel commumcates with the optical reading chamber; and
(b) ~a cover layeri m face-to-face oontact with the major surface of the base-
layer containing the opening, the cover layer havmg an opening therein to vent
. the element.

In thls embodnment. the optical reading chamber does not extend oompletely through

the base layer. . The sample is introduced into the opening in the base layer and then
ﬂows through the flow channel into the optrcal reading chamber. The reagents with

' whrch the analyte in the sample reacts to form an optically detectable reaction product o
- canbe drsposed in the optlcal readlng chamber or can be added to the sample before-

the sample enters the optical reading. chamber. R
Ina preferred embodrment, the element oompnses



10

15

20

25

30

35

WO 99/64620 ' R : ' PCT/US99/12294

(@) . a core layer having two major surfaces, the core layer: further havmg an
' opemng, a flow channel, and an optical reading chamber, one end of which flow -
channel communicates with the opening in the core layer and the other end of
which flow channel communicates with the optical reading chamber; and'
(b) abaselayerin face-to-face contact with one major surface of the core
layer; and
() acoverlayerin face-to-face contact with the other major surface of the
‘core layer, said cover layer having an opening therein to vent the element..

In this embodiment, the optlcal reading chamber extends completely through the core

Iayer The sample is introduced into the opening in the core layer and then flows

through the flow channel into the optical reading chamber. The reagents with which the

. analyte in the sample reacts to form an optically detectable reaction product can be

disposed in the optical reading chamber or can be added to the sample before the
sample enters the optical reading chamber.

Cn another éspect. the invention involves a method comprising the steps of; .

(a) - " obtaining a sample of biological ﬂuud e.g., lnterstmal fluid, from the body
.ofa patlent.
(b) introducing the sample to article comprising a multlple-layer element
‘having an optical reading chamber;
"(c) allowing reagents to react with an analyte of interest in the sample; and -

o (d) - measuring the concentration of analyte in the sample by meansofan .
optxcal mstmment. ' '

The reagents can be made to react with the semple in one of a number of ways. Itis
preferred that the reagents be deposited in the optical readmg chamber of the multlple~

_ layer element.. Alternatlvely, the reagents.can be mixed wuth the sample, and the

resulting reaction mixture can be introduced to the multiple-layer element. As another
altemative, a liquid reagent can be introduced to the multlple-layer element and then
the sample can be introduced to the multiple-layer element.

The article and process of this invention allow the use of samples of extremely

. low volume to provide extremely sensitive assay results. The article and process of thts
4 mventson do not require the use of complicated dellvery equipment, e. g., preclsxon
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pipettes. The article of this invention is self-ﬁlling and ean be filled with a precise
amount of sample

. The article has been shown to provrde accurate and reproducible results with
samples havmg a volume of as low as about 0.25 uL.

8 : _ _ _ |
FIG. 1isa perspectwe view of an embodlment of an article suitable for use in
_this invention.

FlG 2isa perspectwe view of the embodzment shown in FIG. 1, with the layers
shown peeled-apart. :

“FIG. 3isa partial perspective view of a preferred embodirn'ent of an article - -
suitable for use in this invention. The view illustrates the functional portion of the
article. :

_ FIG. 4 isa parhal perspectlve view of the embodlment shown in FlG 3, with the
layers shown peeled-apart. The view illustrates the functional pomon of the article.

FIG. Bisa partlal top plan view of the article shown in FIGS. 3 and 4 The view

: |llustrates the functional porhon of the amcle

’ FlG 6 is a partial bottom plan view of the article shown in FIGS. 3 and 4. The
view illustrates the functional portion of the article. The view |llustrates the functional
portion of the artlcle

FIG.7isa par’tlal cross-sectional vuew of the anlole shown in FIGS 3 and 4 The
view illustrates the functional portlon of the article.

FIG.8isa parhal perspectlve view of another embodlment of an amcle surtable

. v for use in thrs invention, with the layers shown peeled apart. The view |llustrates the '

35

funchonal portion of the arﬁde
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FIG. 9 is a partial cross-sectional view of the article shown in FIG. 8. The view
lllustrates the functional portion of the article; A

FIG 10isa graph ilfustrating absorbance at 515 nm of a glucose solutnon asa
functxon of glucose concentration.

FIG. 11 is a graph illus)tl_'ating absorbance at 640 nm of a glucose solution as a
function of glucose concentration. »

~ FIG. 12 is a graph illustrating absorbance at 640 nm of a glucose solutlon asa
functlon of glucose concentratlon

FIG 13 is a graph lllustratmg absorbance at 640 nm of a glucose solution as a
function of glucose concentratton :

o FlG 14isa glaph lllustratlng absorbance at 640 nmofa glucose solutton asa-
function of gluoose concentratlon : :

A FIG. 15is a graph lllustratlng absorbance at 640 nm of a glucose solution asa
function of glucose concentratxon :

FIG 16 isa schemabc dlagram of an lnstrument surtable for readmg optxcal
propertles of the article of thls invention. :

This inven’aon pmwdes an article and a method for monitoring the concentratlon
of an analyte. e. g.. glucose; in blood. In one aspect, the invention involves an article
compnsmg a multiple-layer element utilizing reagents capable of reacting with an
analyte of interest. In another aspect, the invention involves a method for momtonng
the concentration of an analyte in blood by using the article. '

: " . Referring now to FIGS. 1 and 2, the article 10 oompnses abase layer 12,

B ’overlylng the base layer 12 a core layer 14, and overlymg the core layer 14 a cover -
layer 16.- The core layer 14 has a first major surface 17 and-a second major surface 18.
. The core layer 14 comprises an application site 20 -communicating with a first end 22 of
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“aflow channel 24. The fiow channel 24 has a second énd 26, which commUﬁidates

with an optical reading chamber 28. The cover layer 16 has an opening 30, which
‘serves as a vent. This embodiment requires a base layer 12 below the core layer 14,
"because the optical reading chamber 28 extends all the way through the core layer 14.
A first major surface 38 of the cover layer 16 is in face-to-face contact with major

. surface 17 of the core layer 14. A first major surface 40 of the base layer 12 lS in face--
‘ to-face contact with major surface 18 of the core layer 14.

Referring now to FIGS. 3, 4, 5, 6, and 7, the article 100 comprises a base layer

102, overlying the base layer 102 a core layer 112, and overlying the core layer 112 a
cover layer 114. The core layer 112 has a first major surface 116 and a second major
surface 118. The core layer 112 comprises an application site 120 oommumcatxng with
a first end 122 of a flow channel 124. The flow channel 124 has a second end 126, _
which communicates with an optical reading chamber 128. The cover layer 114 has an
opening 130, which serves as a vent. A vent channel 132 having a first end 134 that
‘communicates with the optical reading chamber 128 and a second end 136 that
communicates with the opening 130 is provided in the core layer 112. This _
embodnment requires a base layer 102 below the core layer 112, because the optical:
reading chamber 128 extends all the way through the core layer 112. A first major
surface 138 of the cover layer 114 is in face-to-face contact with major surface 116 of
the core Iayer 112. A first major surface 140 of the base layer 102 is in face-to-face
contact with major surface 118 of the core Iayer 112.

' Refemng now to FIGS. 8 and 9, the article 210 comprises a base Iayer 212
havmg a ﬁrst major surface 214 and a second major surface 216. Overlying the base -
layer 212 and in face-to-face contact with major surface 214 is a cover layer 218. The
base layer 212 comprises an application site 220 commumcatmg with a first end 222 of
a flow channel 224. The flow channel 224 has a second end 226, which communicates

“with an optlcal reading chamber 228. The cover layer 218 has an opening 230, which

serves as a vent. A vent channel 232 having a first end 234 that communicates with-
the optical reading chamber 228 and a second end 236 that communicates with the -
opening 230 is provided in the base layer 212. This embodiment does not require a -

 third layer in face-to-face contact with major surface 216 of the base layer 212 because

the application site 220, the flow channel 224, and the optical reading chamber 228 are

elevated from major surface 16 of the base layer 212. The embodiment shown in FIGS.

3,4,5,6, and 7 is preferred because it Is easier to prepare in mass quantities.
~Regardless of which embodiment is used, the surface dimensions of each layer

are not critical, except to the extent that the dimensions must be selected so that the
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article will properly fit into an optical metering device. ‘An example of surface
dimensions suitable for an article of this invention having a rectangular surface are a

length of 30 mm and a width of 20 mm. With respect to the preferred embodiment, an

example of the thickness of the article is 0.3 mm. An example of the thickness of the
base layer 102 is 0.1 mm. An example of the thickness of the cover layer 114is 0.1
mm. An example of the thickness of the core layer 112 is 0.3 mm.

The portion of the cover layer and the portion of the base Iayer in reglster with_
the top and bottom of the optical readlng chamber should be capable of transmitting -

- ‘hght so that light transmitted through the article will not be obstructed from the reaction

-product. Inthe embodlment employmg a core layer, the core layer need not be capable _
of transmitting llght. - :

At least one of the base layer and cover layer must be hydrophmc The core’
layer must not be capable of absorbing liquid. Materials that are su:table for prepanng

_ the core layer include glass and polymeric materials.

it should be noted that each of the named layers, i. e., the base layer, the core
'Iayer and the cover layer, can comprise a smgle layer of material or, in the aitemative,
‘two or more layers of material joined together, as by adhesive, heat seahng, or some
other means of lamination.. However, it is preferred that each of the layers comprise a
single layer of material on account of cost considerations, unless a composite layer
would provide improved performance with respect to some parameter.

The optical reading chamber is capable of sewing three functions: samb!e .
metering, reagent storing, and optical measurement. The volume of the optical reading
chamber should be sufficiently large so that accurate optical measurement of ‘
concentration of analyte can be made. The volume of the optical reading chamber .

_ should be sufﬁcrently small so that the volume of sample required for measurement can -

be extremely small. It is preferred that the volume of the optical reading chamber be

' Iess than about 1.0 uL so that a small volume of sample will be sufﬁcient. The shape ef .

_the ophcal readmg chamber is not critical. However, it is preferred that the optical.

* reading chamber be cylindrical in shape to bring about improved flow properties and.* L

reduction in the amount of sample required. Other shapss, e. g., reetangular, of the
optical reading chamber can be used. ltis preferred that the read area of the optical
reading chamber be of a shape similar to the area of the light source. For example, if

 the light source is circular in shape, it is preferred that the optical reading chamber be -

cylindrical in shape it is preferred that the depth of the optical reading chamber be
“selected so that the amount of sample required can be minimized..
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The flow channel preferably has a rectangular cross-sectlon pnmanly because -
of ease of manufacture The cross-section of the flow channel should be of a sufficient '

. - size sothata sufﬁcient quantity of fluid can flow at a sufficient rate of flow even if

random manufacturing defects are present in the flow channel. Itis preferred that the -
dlmensrons of the cross-section of the flow channel be selected so that the depth of the
flow channel is substantlally equal to the depth of the optical reading chamber. Ifthe -
depth of the flow channel is substantrally greater than the depth of the optical reading
chamber, a greater volume of sample may be required to carry out an assay. If the
depth of the flow channel is substantially smaller than the depth of the optical reading
chamber, manufactunng defects should significantly reduce the rate of flow of the
samp!e The width of the flow channel is selected so that the amount of sample -
requrred can be minimized. The length of the flow channel is selected so that the
amount of sample required can be minimized. Other factors to be considered in
selectmg the dimensions of the flow channel include manufactunng problems and
“likelihood of evaporation of sample : .

__ The vent channel preferably has a rectangular cross-sectron primarily because
of ease of manufacture The vent channel should be of a sufficient length that
evaporation of the sample in the vent channel does not adversely affect the optical

- reading chamber. An example of such an adverse effect is the presence of an air

bubble in the optiwl reading chamber, which will result ini erroneous absorbance
“readings. The volume of the vent channel is preferably made as small as possible in -
order to reduce the volume of the sample. The volume of the vent channel should be
sufficiently great that air bubbles will not be formed in the optical reading chamber. The
depth of the vent channel and the width of the vent channel are selected so that air
bubbles will not be formed in the optlcal reading chamber.

' Representatlve examples of dimensions of other features of the article of the -
preferred embodiment (FIGS. 3, 4, 5, 6, and 7) are as follows:

Feature — . Dimensions

[Opfical reading chamber T 15 mmdiameterxO.Tmmdepth |
Flow channel T ~ 0.5 mm lenm'dfh—m_—
oo depth

Vert channel T PETO— |0 mmlength x.0.5'mmwxdth_x0.1 mm
ventopening . . .- 10.05 mm diameter

10
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Detectron of analyte is carried out by measunng the change-in an optrcal

" property of the material in the optical reading chamber resulting from one or more - .~

_ reactions mvolvlng the analyte with one or more reagents, whereby changes in
absorbance can be observed by an optical instrument. In the case of determination of
glucose, the reagents typically include at least one enzyme and at least one dye.

In one assay system for determining concentration of gluoose glucose inthe
sample is oxidized by glucose oxidase to form gluconic acid and H,O,. The amount of
H.0, produced is then measured quantitatively by Reaction (1) or Reaction 2).

Beanﬁon.(l)»
R - PerOxidase : o
Dye (colorless) + H,0, ——>> Oxidized dye (colored) + H,0
Reaction (2) |
H0, + Fo® o — > Fe™ +H0
Fes’ + dye — - —>Fe™ dye complex

In Reaction (1), the enzyme peroxidase (e:g., horse radish peroxidase.
microperoxrdase) catalyzes the oxidation of the dye or converts H,0, to H,0. The color
_intensity is directly proportional to the concentration of glucose in the sample.
Representative examples of dyes' that have been.used include o-dianisidine, 4-
‘aminoantipyrine, and 3,5-dichloro-2-hydroxybenzenesulfonate. ‘
- In Reaction (2), H,0, oxidizes the Fe** to Fe**. Fe* then chelates with dye to
: produce a specific absorption peak. Representative examples of ferrous satt inciude -

i ferrous sulfate and potassium ferrocyanide. ‘Representative examples of the dye .

include xylenol orange. The amount of Fe* dye complex that forms is proportronal to
the amount of gluoose in the sample. . .

In another assay system for determining ooncentration of gluoose whrch is

preferred for this invention, glucose dehydrogenase enzyme reacts specifically wrth

glucose in the sample in the presence of co-enzyme p—mootmamrde adenine
dinucieotide (B-NAD) to form NADH, the reduced form of + §-NAD. The NADH reacts-
with an electron accepting dye, e. g., 3-{4,5-dimethyithiazol-2-y1}-2,5-
diphenyitetrazolium bromide (MTT), catalyzed by the diaphorase enzyrhe to form a dark

11
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: purple-reddlsh color. ‘The color mtensny measured at 640 nm is directly propomonal to

the concentration of glucose in the sample.

: _ Glucose dehydrogenase _
Glucose + B-NAD —> Gluconic acid + NADH

R - Diaphorase o o
- NADH + MTT (yellow) > MTT (purple-reddish) + B-NAD
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In both systems, detection is carried out by means of optical measurement. The
measurement can be of absorbance, reflectance, or transmittance. Itis preferred that
absorbance be employed. The specimens suitable for the method include, but are not
limited to, blood, plasma, serum, interstitial fluid, urine.

Samples of lnterstlhal fluid can be obtamed from a patient by any of a variety of
methods, which are well-known to one of ordinary skill in the art. Such methods
include, but are not limited to, those described in U. S. Patent Nos. 4 ,175,361;
5,423,803; WO 94/09713; and WO 97/07734 all of which are moorporated herein by
reference. . -

The: multlple-layer element preferably contains a dried reagent in the optxcal
reading chamber 128. The sample obtained from the patient is introduced to the
multiple-layer element at the appllcatxon site 120. After introduction to the element; the .
liquid sample flows through the flow channel 124 into the optical reading chamber 128
and from the optml reading chamber 128 to the end of the vent channel 132. The ﬂuud ‘
ceases flowing when it reaches the opening 130. The liquid sample rehydrates the
dried reagent in the optical reading chamber, which then reacts with the analyteof - .
interest. The reaction occurs. in the optical reading chamber. The flow through flow -
channel 124 can be characterized as capillary flow, i. €., flow that is driven by capillary -
attraction, which can be defined as the force that resuits from greater adhesion of a
liquid to a solid surfacé than intemal cohesion of the liquid itself. Alternatively, ifthe -
multiple-layer element does not contain a dried reagent_ in the optical reading chamber,

12
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the sample obtained from the pétient can be mixed with the reagent, and the resulting
-mixture introduced to the multiple-layer element at the application site 120. After -
mtmductxon to the element, the reaction mixture fiows through the flow channel 124, by

"means of capillary flow into the optlcal reading chamber 128 and from the optlcal

reading chamber 128 to the end of the vent channel 132. The reaction mixture ceases

» ﬂowung when it reaches the opening 130. The reaction occurs prior to the entrance of

the reaction mixture to the optical reading chamber.

Regardless of how the sample and the reagents are introduced into the article,
the optical readings are taken when the reaction product, i. e., the product of reaction
between the reagent and the analyte, is finally located in the optical reading chamber. .

_The optical reading is typically an absorbance reading. FIG. 16 shows an apparatus

suitable for measuring absorbance.. The apparatus 300 comprises a source of light 302
and a detector 304. The multiple-layer element 306 is disposed between the source of
light 302 and the detector 304. The optical reading chamber 308 in the multiple-layer
element 304 is aligned with the light from the source of light 302 and the detector 304
so that the light from the source of light 302 is transmitted through the optical reading
chamber 308 and detected by the detector 304. The source of light 302 preferably has
a wavelength of from about 500 nm to about 700 nm. A preferred source of light is a
light emitting diode. The detector 304 is preferably a photodetector, and the readings
are usually reported in volts.

_The element of the present mventlon provides several significant advantages
First, only a very low volume of sample is required for carrymg out the assay. Seoond
the fluld transfer does not require precision pipetting. In addition, the results of the '

" assay can be read optically. Optical reading can provide more accurate results th‘ah

can results read electronically. Furthermore, the arhde can be constructed so that
evaporatlon of the sample can be minimized. The parhcular reagents that are used in
the article and method of this invention are capable of reacting under low oxygen-
conditions, with the result that the results are accurate, sensmve and reproducible.

The utilization of capillary flow for filling the optical reading chamber allows the -
ellminatlon of the need for external force to fill the optical reading chamber, thereby
eliminating the need for pumps, motors, tubing, and the like.

The article and method of this invention can be adapted for measuring the '
concentration of analytes other than glucose. Such analytes include, for example,
cholesterol, uric acid, BUN (blood urea nitrogen), and creatinine.

The following non-limiting examples are intended to further tllustrate the
invention. ‘

13
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This example demonstrates the feasibility of a glucose assay wherein the sample

. size was less than 25 pL.

The following matenals were purchased from Sigma Chemical Company: _
Glucose oxidase = .

- - Horseradish peroxidase
4-Aminoantipyrine h
3, 5-D|chloro-2-hydmxy-benzenesulfomc acid
Sodium phosphate

Glucose was purchased from EM Sciences.

The absorbance of the reaction product was read at 515 nm in a Hewlett Packard
Diode Array Spectrophotometer (model 8452A). The multlple-layer elements 400 used
in this example were of the type depicted in FIGS. 1 and 2. The element shown in
FIGS. 1 and 2 is substantially similar to that shown in FIGS. 3,4, 5, 6, and 7 with the -
exceptions that the optical readlng chamber has a different size and a different

‘geometric shape. The core layer 14 of the multiple-layer element 10 was 0.33 mm

thick. The cover layer 16 and the base layer 12 of the multiple-layer element 400 were
0.11 mm thick. The cover layer 16 and the base layer 12 were adhered to opposite -

- major surfaces of the core layer 14 by means of adhesive. The cover layer 16 and the

base layer 12 of the  multiple-layer element 10 were made of polycarbonate The core

- layer 14 of the multiple-layer element 10 was made of polyester. The dimensions of the

surface of the element were 10 mm wide by 30 mm long. The dimensions of the optical -

readmg chamber 28 were 7.7 mm x 9.6 mm x 0.33 mm. The volume of the optical -
neadmg chamber 28 was about 244 L. ’ : :

The reagents used in the assay were prepared as follows: -

. Buffer - - 50 mM phosphate, pH70

14
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'Enzyme solution:

" PCT/US99/12294

horseradisn beroxidas_'e (2 unistpL) and glucose -
oxidase (2 units/pL) were dissolved in 50 mM

- phosphate, pH 7.0 (stock solution)

5 " Dye solution:

Glucose solution:

10

* a mixture of 0.5 M of 4-aminoantipyrine and 0.5 M 3,

5-dichloro-2-hydroxy-benzenesuifonate in 50 mM
phosphate buffer, pH 7.0 (stock solution)

glucose solutions contained 0, 31.1, 62.2, 125, 250
mg/dL prepared in 50 mM phosphate buffer, pH 7.0

To glucose solutlon (1.0 mL) was added enzyme solution (20 pL) and dye solution (50
- pL). The reactlon was carried out at room temperature for two minutes. The reaction
mixture was then drawn into the optical reading chamber by capillary attraction and the
15 . absorba_nce of the reaction mixture read at 515 nm. The following table shows the
"~ absorbance of the reaction mixture at various concentrations of glucose.

JABLE1
Concentration of glucose . Absorbance
(mg/dL) : ,
-0 0.09
31.1 0.34
62.2 .0.71
125.0 1.38"
250.0 2.39

20

. FIG. 10 illustrates the dose response curve for this example From the data in TABLE 1
" and the dose response curve, it can be seen that the article and method of thts example
- provrde alinear response A linear dose response is preferred because such a

25 response srmpllﬁes mloulatlon of concentration of analyte.
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This example demonstrates the feasibility of a glucose assay utrlizrng a small

‘volume of sample.
The following materials were purchased from Sigma Chemical Company

Tris (hydroxymethyt) aminomethane buffer (heremafter "Tns buffer") '
MgCl; - 6H,0

Adenosine 5'-tnpnosphate (ATP)
o p-Nrcotrnamrde adenine dinucleotide (B-NAD)

3-[4, 5-drmeﬁrylthiazol-2—yl]-2 5-d|phenyltetrazolrum bromrde (MTT)
Hexokinase

Glucose 6-phosphate dehydrogenase (G-6-PDH)
Diaphorase

Glucose was purchased from EM Sciences.

‘The following compounds were werghed and dissolved in 1 3 mL of 0. 2 M Tris

| buffer pH 7.0:

MgCh-6H,0 . 00276

ATP - 00165g
B-NAD - 0.0189g.
CMTT - 00309
-Hexokinase = 75 units
G6-PDH 75units
: Diaphorase ~ 75units

The reagent was prepared in the followrng manner The M‘IT was ﬁrst drssolved in the
Tris buffer. B-NAD and ATP were then added to the solution and dissolved. The pH of
the resultmg solution was then neadjusmd to 7. 0 by means of a 1.0 M Tris solution. The
remaining components were then added and the nesultrng mixture was mixed.

The multiple-layer element used in this example was of the type shown in FIGS. -

3,4,5,6,and 7. The features of the muitiple-layer element had the foltowing
dimensions:

16
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Feature . Dimensions
Optical reading chamber 1.5 mm diameter x 0.3 mm depth
Flow channel A ~__10.5mm x 1.0 mm x 0.3 mm depth
Vent channel - __]0.5mmx0.5mm x 0.3 mmdepth
Vent opening ‘ ' 0.05 mm diameter
Coverlayer .' 12 mm x 30 mm x 0.1 mm
Base layer ' ' “| 12 mm x 30 mm x 0.1 mm
Core Iayer ‘ - ' 12 mm x 30 mm x 0.3 mm

Reagent (0.3 L) was introduced lnto the multiple-layer element at the _
applrcatxon site by means of capillary attraction. Glucose solution (0.3 uL, 250 mgIdL)
was then introduced into the m_ultlple—layer element at the application site by means of
capillary attraction. The final reaction volume was 0.582 ul. The rate of reaction was
monitored in a Hewlett Packard Diode Array Spectrophotometer (model 8452A) at 640
nm. The reaction was complete in about two minutes at room temperature FIG. 11
illustrates absorbance as a function of time. It can be seen that the rate of changse in
absorbance as a function of time decreases after about 15 seconds.

" This example demonstrates the nature of dose response of a glucose assay
utﬂlzmg a multlple-layer element having the same dimensions as the element described
in Example 2. The reagent employed was the same as that described in Example 2.

' The result of each reacbon was read after two minutes. Standard glucose .
solutions were used. A linear glucose response curve was obtamed _

FIG. 12 illustrates absorbance at 640 nm as a function of glucose concentration.
From FIG. 12, it can be seen that the article and method of this example provrde a
linear dose response. :
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This example demonstrates a glucose assay utilizing a small volume of sample
‘and a volume of optical reading chamber of 0.251 pL. _ '
* The materials and multiple-layer element of the type described in Example 2 .

. were employed. The dimensions of the optical reading chamber were 1.5 mm -~

diameter, 0.10 mm depth. The flow channel and the vent channel were 0.5 mm in
width, 0.5 mm in length, and 0.1 mmin depth, } : . .

Reagent (10 pL) (from Example 2) was mixed with glucose solution (10 uL). The
resuiting mixture was introduced into the element at the sample application site by
means of capillary attraction. Absorbance readings at 640 nm were taken after two
minutes. Sufficient runs were carried out to prepare a dose response curve,

Alinear glucose dose response curve was obtained. The curve is described by
the formula y = 3.003x + 179.24; 12 = 0.9887. The hexokinase/G-6-
PDH/Diaphorase/MTT system gave a detection sensitivity of about 3 mA/mg/dL of
glucose. The reproducibility of the multiple-layer element was tested by reading the
absorbance of the reaction mixture of the same glucose solution in six different ) B
elements. As can be seen from TABLE 3, CV of 7.02 was obtained at about 173 mg/dL.
of glucose.” e ' : '

Run no. Concentration of glucose

_(mg/dL)

187 :

170

164

164

164

190

olalslw|n]a

 Mean=173
S.D.=12.14
CV% =7.02
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FIG 13 lllustrates that a linear dose response was obtalned From the data of this
example, it can be seen that there was low variation from sample to sample.
EXAMPLE 5 »

Thrs example demonstrates a glucose assay utllizrng a small volume of sample

. and multiple-layer elements containing reagent in a dried state, Elements of the type

described in Example 2 were used: However, in each element, only the base layer had -
been laminated to one major surface of the core layer. The other major surface of the
core layer had been left uncovered so that reagent could be deposited into’ the optical
readlng chamber.

The reagent was prepared as described in Example 2. Reagent (0.5 pL) was
transferred by pipette into the optical reading chamber of each multiple-layer element.
The reagent was allowed to dry at room temperature. The remalnrng major surface of
the core layer was then laminated to one major surface of the cover layer The cover
layer contained a small opening for vent. The thus-formed multrple-layer elements were
then stored in a container containing silica.

In order to conduct the assay, the glucose solutiori was introduced into the

~ multiple-layer element at the application site by means of capillary attraction. The .

volume of each sample was 0.25 ul.. When the fluid reached the vent opening, the flow
of fluid ceased. The results of the reaction were read at 640 nm at room temperature
after one minute. Sufficient runs were carried out to prepare a dose response curve.
FIG. 14 illustrates current (the absorbance signal) as a function of glucose
concentration, The data in FIG. 14 shows that the articie and method of this example

_ provide a linear dose response

' . This example demonstrates the feasibility of a glueose ‘assay Lrtﬂiz'rng' a srnall '
volume of sample with an enzyme system comprising glucose dehydrogenaSe and

diaphorase.
The following matenals were purchased from Srgma Chemml Company'

Tris buffer

 MgCl,-6H,0
~ p-Nicotinamide adenine dInuc!eohde (B—NAD)
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3-{4,5-dimethylthiazol-2-yi}-2, 5-d|phenyltetrazohum bromlde (MTT)
Glucose dehydrogenase
- Diaphorase

Glucose was théined from EM Sciences.

The enzyme system was prepared in the followmg manner. MTT (3 mg) was

| dissolved in 100 mM Tris buffer (200 pL), pH 7.0. B-NAD (12 mg) was then added to

the solution and allowed to dissolve. To this mixture was added 1.0 M MgCl, - 6H,0 (2
HL). The pH of the solution was adjusted to 7.0 by means of 1.0 M Tris buffer. To this

_ mixture was then added glucose dehydrogenase (5 mg, 75 umtslmg) and 15 units of

diaphorase.

- The reagent (3 pL) mlxed wuth glucose solutlon (3pL) was mtroduced by means
of caplllary attraction into an element of the type described in Example 2. The

-absorbance of the reaction product was measured at 650 nm using the instrument

shown in FIG. 16. Sufficient runs were carried out to prepare a dose response curve.
FIG. 15 shows a linear glucose dose response up to 500 mgldl with a detechon '
sensitivity of 35 mgIdL

Various modifications and alterat:ons of this invention wall become apparent to
those skilled in the art without departmg from the scope and spirit of this invention, and
it should be understood that this invention is not to be unduly Ilmited to the illustrative
embodlments set forth herem
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What is claimed is:

1. An article suitable for use in determining the presence or amount of
analyte in a biclogical sample, said article comprising a muitiple-layer element
comprising:

(@) abase layer having two major surfaces, said base layer further having an -

' opening, a flow channel, and an optical reading chamber, one end of
which flow channel communicates with said opening in said base Iayer
and the other end of which flow channel communicates with said optical
reading chamber; and :

(b)  acover layer in face-to-face contact with the major surface of said base

, layer containing said opening, said cover layer having an opening therein
to vent said element.

2; The article of claim 1,'wherein sald optical reading chamber does not
¢extend completely through said base layer.

3. The article of claim 1, wherein at least one-reagent with which the analyte .
in the sample reacts to form an optically detectable reaction product is disposed in said
optical reading chamber. '

: " 4, The article of claim 3, wherein said at least one reagent comprises

hexokinase.

5.- .The article of claim 3, whereln sald at least one reagent compnses ‘
glucose dehydrogenase :

6. .The article of claim 3, whereln said at least one reagent compnses _
diaphorase.

7. The article of claim 1, wherein said second onening communicates witha -
vent channel. ' : . ’
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8. The article of claim 1, wherein said optical reading chamber is cylindrical

' 9. The a_rfdcle of claim 1, wherein séid optical reading chamber has a volume
no greater than about 1 L. '

10.  The article of claim 1, wherein said cover layer has a portion capable of

~ transmitting light in register with said optical reading chamber.

119. The article of daim 1 wherein said ba_se layer hés a portioﬁ c'apable of -
transmitting light in register with said optical reading chamber. : '

- 12. The article of claim 1, wherein said second opening is not directly over
said optical reading chamber. : : ,

13.  An article suitable for use in determining the presence or amount of
analyte in a biological sample, said article comprising a multiple-layer element-
comprising; -

(@)  acore layer having two major surfaces, said core layer further having an
opening, a flow channel, and an optical reading chamber, one end of which flow
“channel o'ommunimtes»wi'th said opening in said core layer and the other end of
- which flow channel communicates with said optical reading chamber; and
. (b)  abase layer in face-to-face contact with one major surface of said core
- layenand L A S
(c)  acover layer in face-to-face contact with the other major surface of said
. core layer, said cover layer having an opening therein to vent said element. -

" 14 The article of claim 13, wherein said optical reading chamber extends .. .
cpmpletely_thmugh_;aid core layer. : - '

15. The article of claim 13, wherein at least one reagent with which said = -

in said optical reading chamber.

- analyte in the sample reacts to form an optically detectable reaction product is disposed
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' 16. _' The article of claim 1 5, wherein said at least ohe reégent comprises
hexokinase.

17 The article of claim 15 wherem said at least one reagent compnses
glucose dehydrogenase

18. The arﬁcle of claim 15, wherein said at least one reagent oompri-ses.
diaphorase. :

19. - The article of clalm 13 wherem said second opemng oommumcates with
a vent channel

A 20 The article of claim 13, wherein said 6pticai readiﬁg ch,afnber is cylindrical
in shape.

21. The article of claim 13, whereln said optlcal reading chamber has a

‘ volume no greater than about 1 pL

.22.. " The article of claim 13, wherein sald cover layer has a portlon capable of
transmrt’nng flight in register with said optical reading chamber is transparent. N

23. The arhcle of claim 13, wherein said base layer has a portion capable of
ttansmlttmg light in register with said optical readmg chamber.

24. . The article of claim 13, wherein said second opemng is not dlrectly over
said optical readmg chamber

25. . A method for measunng the ooncentrat»on of analyte in a sample
comprising the steps of: :

- (@)  obtaining a sample of biological fluid from the body of a patient;
(b) introducing the sample to the article of claim 1;
(c) - allowing at least one reagent in the article to react with the analyte of
-interest in the sample; and R .
(d) - measuring the concentration of analyte in the samp_le by optiwl
instrument.
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| 26. The method of claim 25, wherein the biological fluid is interstitial fiuid.

- 27.- The method claim 25, wherein sald at least one reagent comprises -
hexokmase :

" 28.  The method claim 25 wherein said at least one reagent compnses
glucose dehydrogenase

_ 29.  The method claim 25, wherein said at least one reagent comprises'
diaphorase. '

- 30. A method for measuring the concentratlon of analyte in a sample
compnsmg the steps of:

‘ (@) . obtalnlng a sample of blologxcal fluid from the body ofa patlent
(b) - introducing the sample to the article of claim 13;

(c) allowing at least one reagent in the article to react with the analyte of
. interest in the sample; and

(d) measuring the concentration of analyte in the sample by optml
instrument.
et ‘The' method of claim 30, wherein the biological flid is nterstitl lud.

. 32. - The method claim 30, whereln said at least one reagent comprises
hexokinase. :

33.  The method claim 30, whereln said at least one. reagent compnses
gluoose dehydrogenase ‘

_ 34, The method clalm 30, whereln sald at least one reagent oompnses :
dlaphorase : : - ;

24
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